Introduction: Trigeminal neuralgia (TN) is the most common neuralgia in the head and neck region and a common cause of orofacial pain. It is routinely treated with carbamazepine. Laser, acupuncture and radiofrequency are among other treatment modalities for this condition. This study sought to assess the efficacy of laser therapy in conjunction with carbamazepine for treatment of TN. Methods: A total of 30 patients who met the inclusion criteria were divided into 2 groups of cases and controls (n = 15) by double blind randomized controlled clinical trial. All patients received 100 mg carbamazepine at baseline and another 100 mg after 2 days for pain control. In the case group, low level laser therapy (LLLT) was also performed in addition to pharmaceutical therapy. Sham laser was used in the control group instead of LLLT. Treatment was continued for 9 sessions (3 days a week). The intensity of pain was measured and compared in the 2 groups using visual analog scale (VAS) in 3 period. The qualitative variables among the groups were compared using the repeated measures analysis of variance (ANOVA). Results: The severity of pain was lower at the end of treatment in the case compared to the control group so this difference was statistically significant (P = 0.003). The severity of pain decreased in both groups over time. Significant difference was noted in this regard between the 2 groups either (P = 0.003). At the end of treatment pain intensity dropped in the intervention group from 6/8 to 1/2 and control group from 6/6 to 2/7. Conclusion: Laser therapy did add to the value of pharmaceutical therapy for treatment of TN. Both groups experienced significant improvement over time. So it is better to used laser complementary therapy to reduce side effects and the medicine dosage.
Introduction
Trigeminal neuralgia (TN) is the most common neuralgia of the head and neck region and is a major cause of orofacial pain.
1,2 TN was first described by John Locke in 1677. Nicolas Andre later described TN by the term tic doloreaux, 1 which means painful spasm. This term has also been accepted as an alternative name for TN. [1] [2] [3] [4] [5] Averagely, 4 out of 100 000 individuals develop TN annually. 1, 4, 6 Occurrence of idiopathic TN before the age of 40 years is rare. 2 But it is common among the middle aged and the elderly after the age of 50 years. 1, 2, [7] [8] [9] Moreover, TN is more common among females. 4, 5, 7, 10 Pain in TN is acute and striking, with sudden onset and termination. It is often described to be similar to electric shock, perforating, penetrating, superficial and sharp. 3, 6, [8] [9] [10] Pain strikes may be spontaneous or triggered. [1] [2] [3] [4] Most patients, but not all, have a trigger zone. Trigger zone is pathognomonic for TN. Most common sites include perinasal skin, peri-oral skin, lips, nasolabial fold, gingiva and alveoli. Other areas such as cheeks, eyebrows, periorbital skin and tongue may also serve as trigger zones. Most patients localize their trigger zone and avoid its stimulation. [4] [5] [6] [7] 10, 11 Stimulation often occurs by contact (skin and mucosa) and less commonly by movement. 1, 5 Pain is often unilateral 3, 8, 9, 12 and does not cross the midline. Pathogenesis of TN is not well understood. [1] [2] [3] Vascular pressure is the main cause of demyelination of nerves compressing the trigeminal nerve when entering the 1, [3] [4] [5] This is where peripheral nervous system myelin sheath is terminated and central nervous system myelin sheath covers the nerves. 1 Since TN is severely painful, accurate diagnosis and prompt treatment are of utmost importance. Diagnosis of TN is based on taking a precise history of the pain attacks. Also, evaluation of history is essential to rule out other causes of orofacial pain. 4 There is no diagnostic test for definite diagnosis of TN. Even magnetic resonance imaging cannot definitely confirm the diagnosis of TN. [1] [2] [3] Although radiography and referral for specific tests for other conditions may be required to rule out differential diagnoses, diagnosis of TN is completely clinical 4 and interview with the patient and a thorough clinical examination will often suffice to make a diagnosis. Treatment of TN is primarily pharmaceutical. 2, 4, 13, 14 Clinically, it has been documented that anticonvulsant drugs are effective for alleviation of neuropathic pains especially those described as burning or perforating pain. Thus, anticonvulsant drugs are mainly prescribed for TN. 7 Use of carbamazepine to alleviate pain due to TN has a long history. Many controlled and uncontrolled clinical trials and meta-analyses support prescription of carbamazepine as the first line treatment for TN. 3, 4, 8, 15 Thus, carbamazepine is considered as the gold standard first line treatment for TN. 3, 7, 11, 16, 17 In therapeutic doses, carbamazepine blocks the sodium channels and decreases the synaptic transmission. 5, 11 Carbamazepine has side effects such as imbalance, 5, 11 and loss of appetite. 3, 11 In 10% of patients, transient leukopenia 15, 18 and thrombocytopenia 15, 18 may occur. Patients who have low level of white blood cells prior to treatment are at higher risk of developing leukopenia. 15, 18 Low level lasers decrease acute and chronic pains via different mechanisms such as decreasing the level of histamine, acetyl choline, serotonin, bradykinin and prostaglandin E2, increasing acetyl choline esterase, lymphatic drainage, ATP, aerobic metabolism, pain threshold, beta-endorphins and enkephalins, balancing the activity of adrenaline-noradrenaline and decreasing the production of P substance in the posterior spinal horn. 14, 17, [19] [20] [21] Laser irradiation dilates the capillaries and increases the drainage of fluids in the interstitial space by stimulating their reuptake. It exerts its analgesic effect by breaking the vicious cycle of contraction-edema-pain. Electromagnetic laser energy increases the metabolism of the injured tissue. This effect is enhanced by increased production of ATP and repolarization of cell membrane. Laser decreases the release of substances that stimulate pain receptors and significantly increases the pain threshold by stimulating the synthesis of endorphins. 22 This study aimed to compare the severity of pain in patients with TN under treatment with carbamazepine with and without laser irradiation.
Methods
This double blind randomized controlled clinical trial was conducted on 30 patients with TN. Sample size was calculated to be 30 patients (n = 15 in each group) according to a previous study by Amanat et al in 2013. 23 The patients were selected among those presenting to Laser Center of Pardis International Campus, Tehran University of Medical Sciences. The inclusion criteria: Patients with definite diagnosis of TN according to the criteria of the International Headache Society (HIS) were included [HIS 3 with ICD-10 (G44.0) coding]. Patients who were under standard pharmaceutical treatment for TN but had not experienced any improvement were also included. The exclusion criterion was pregnancy and patients with abnormal CBC and liver function tests. Patients were divided into 2 groups of cases and controls using block randomization. After the intervention in the 2 groups, the efficacy of treatment in terms of change in the severity of pain was assessed using the visual analog scale (VAS). The severity of pain was recorded prior to laser therapy, immediately after each session of laser therapy and one month after completion of treatment using the VAS. The pain scores were recorded in a questionnaire. The VAS ranged from 0-10; 10 indicated the most severe pain imaginable while 0 indicated no pain. Laser treatment was performed for 9 sessions, 3 days a week. Laser therapy was performed at the trigger points, based on previous studies we use laser and carbamazepine in case groups for treatment of TN. GaAlAs diode laser was irradiated at 810 nm wavelength with 5 J energy in continuous mode during 9 sessions using Thor device. The probe tip of the device was 1 cm in diameter and laser was irradiated for 25 seconds with maximum output power of 200 mW. If trigger point was not found, 2 to 3 points were chosen in the path of pain indicated by patient and irradiated with laser. Laser therapy was performed by a technician. The statistical consultant was double blinded to the type of laser used for patients in the case group. Due to ethical considerations, patients in both groups were subjected to standard pharmaceutical therapy with 100 mg carbamazepine at the onset of treatment and then another 100 mg after 2 days based on severity of pain in patients. This process was continued until pain was alleviated taking into account the maximum safe dose of carbamazepine. Low level laser therapy (LLLT) along with pharmaceutical therapy was performed for the case group. Sham laser was used instead of LLLT in the control group. Probe of the device was disinfected and covered with disposable covers prior to intraoral or extra oral use. For use of sham laser in the control group, the device was turned on but irradiation was not started (the start button was off). Since the device does not irradiate any visible light and has no pointer, the patients could not find out whether the device was on or off.
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Assessment of the process of change in pain severity prior to treatment, at the end of treatment and one month after completion of treatment was done using repeated measures analysis of variance (ANOVA) with time of assessment as within subject factor and type of intervention (laser or sham laser) as between subject factor.
Results
A total of 30 patients participated in this study in 2 groups of 15; 36.67% were males and 63.33% were females (there were 33.33% males and 66.66% females in the case group and 40% males and 60% females in the control group) ( Table 1) . Pain severity in the 2 groups decreased with time (until the end of treatment) and this reduction was statistically significant (P = 0.003). Pain recurred at 4 months following completion of treatment and this change in pain score was statistically significant (P = 0.003, Table 2 , Figure 1 ). In general, this difference was significant in any of the time points. The trend of change in pain score was significantly different between the 2 groups Although the severity of pain in the case group was less than that in the control group. The difference between the 2 groups was significant at any time point significant difference was noted in the trend of change in pain score between the 2 groups either.
Discussion
Low level diode laser is extensively used for treatment of wounds, inflammation and chronic pain. Laser therapy was used in this study due to its analgesic, antiinflammatory and biological properties. Laser therapy regulates the blood flow and exerts its analgesic effects by decreasing the spasm of arterial muscles, which is required to enhance blood supply to the area. It increases the production of ATP and regulates the basic metabolism of tissues with limited source of energy to enhance oxygenation of hypoxic cells in trigger points. Another suggested mechanism for laser is its effect on the level of endorphins and subsequent pain control. Laser increases the level of endorphins and decreasing the level of serotonin. Only limited studies with case-control design have evaluated the effects of laser therapy on TN with controversial results. A few studies reported positive efficacy of laser therapy for treatment of TN while some others found no significant difference between laser and control groups. Based on these differences and suggestions regarding selection of particular wavelengths, sample size and blinding, this study was conducted to further evaluate this topic. In the current study, GaAlAs laser with 810 nm wavelength and 6.36 J/cm 2 dose in continuous mode was used for 9 sessions (3 sessions per week). Irradiation time was 25 seconds and maximum power of device was 200 mW. Analgesic effects of laser in case group compared with control group was statistically significant. Our findings were not in line with those of Öz et al, 24 Dundar et al, 25 Altan et al, 26 and Hansen et al. 27 The afore mentioned studies used different wavelengths and powers of laser and had different sample sizes and variable number of treatment sessions. However, they all had a case control design and yielded similar results. They all found no significant difference between the laser and control groups in terms of pain relief. A meta-analysis conducted by Fulop et al, 28 reported the same results. Öz et al 24 treated 20 patients with myofascial pain by 820 nm low level diode laser with 3 J/cm 2 energy density and 300 mW power twice a week (10 sessions). The control patients received an occlusal splint for 24 hours a day for 3 months. No significant difference was noted between the 2 groups and laser therapy was as effective as occlusal splint for treatment of myofascial pain. 24 Hansen et al 27 evaluated the efficacy of treatment of patients with different types of orofacial pain (oral dysesthesia, toothache, TN, TN secondary to trauma and tension headache) with diode infrared laser at 904 nm wavelength (OKA laser). In their double blind randomized controlled trial, laser with a constant or variable pulse repetition rate of 1 to 9999 Hz with 78.9 mW/cm 2 power was used. Laser treatment was performed with 4.7 J/cm 2 energy for 60 seconds in the first 2 sessions. In case of no pain relief, laser was irradiated with 9.4 J/cm 2 energy for 120 seconds in the next sessions. Treatment was continued for eight sessions during four weeks. No statistically significant difference was noted between the laser and sham laser groups. It should be noted that all the afore mentioned studies reported positive efficacy of laser therapy in decreasing the pain score (according to the VAS), which was also in line with our findings. Some previous studies did not mention the energy density of laser used. Some others chose energy densities over 20 J/cm 2 or lower than 5 J/cm 2 . Only a few studies chose a moderate energy density. Thus, we used 6.36 J/cm 2 energy density. Carrasco et al 29 used very high energy densities (25, 60, 105 J/cm 2 ). Since they did not obtain favorable results and based on the suggested energy density values for GaAsAl laser, 30 we used a lower energy density. In the study by Öz et al, 24 3 J/cm 2 and in the study by Hansen et al, 27 4.7 and 9.4 J/cm 2 energy densities were chosen. Based on their findings, we selected a higher energy density. To assess the stability of the results of laser therapy, VAS has been used in previous studies. Carrasco et al 29 assessed the level of pain of patients using a VAS 15 days and 1 month following completion of treatment. Dundar et al 25 used VAS 4 weeks after initiation of treatment and Altan et al 26 used VAS at 0, 2, 12 and 14 weeks following treatment to assess the pain severity in patients. Despite variability in assessment time points, similar results were reported. In the current study, a slight increase in pain scores of patients (based on VAS) was noted after completion of treatment and one month after completion of treatment in the 2 groups and significant difference was noted. The laser therapy protocol was twice a week for 10 sessions by Öz et al, 24 twice a week for 4 weeks by Carrasco et al, 29 once a day for 15 days by Dundar et al, 25 once a day for 10 days by Altan et al, 26 and 8 sessions during 4 weeks by Hansen et al. 28 Considering the fact that the effects of each session of laser therapy often last for nine to 72 hours and also to prevent the cumulative effects of laser, we performed laser therapy for 3 sessions a week. Since HeNe and GaAs laser was used in some previous studies with no significant difference between the case and control groups, GaAlAs laser was used in the current study. Carrasco et al, 29 Shirani et al, 31 Hakgüder et al, 32 and Walker 33 reported results that were similar to ours. They found significant differences between the case and control groups and reported superior efficacy of laser compared to the placebo. Carrasco et al 29 treated patients with myofascial pain using 780 nm GaAlAs laser with 25, 60 and 105 J/cm 2 density in continuous mode twice a week for 4 weeks. Control groups were subjected to placebo laser therapy. A significant reduction in pain was noted in both groups with significant difference between the 2 (P < 0.001). These studies used a variety of laser types, densities, sample sizes and irradiation protocols. 32 used laser with 5 J/cm 2 energy density. GaAlAs laser was used in both studies, which was similar the laser used in our study. The selected wavelength of laser by Shirani et al, 31 Hakgüder et al, 32 and Walker 33 was within the effective wavelength range with adequate penetration depth for deep pains (650 to 1000 nm wavelengths have a penetration depth of 20-40 mm). 30 Yang et al, 34 IIbuldu et al, 35 Pinheiro et al, 36, 37 and Gam et al 38 performed interventional studies with one group. Our study was a double blind controlled clinical trial with one active control group. Due to ethical considerations, pharmaceutical therapy was performed in both groups. Sham laser was used in the control group instead of LLLT in order to eliminate the psychological effect of laser therapy as a confounding factor on the results. Yang et al 34 evaluated 16 patients with idiopathic facial pains. They used 800 nm diode laser with 105 J/cm 2 energy density for 10 sessions. The VAS showed a mean reduction in pain by 43.87%. Pinheiro et al 36, 37 evaluated the effects of diode laser at 632.8 nm, 670 nm and 830 nm wavelengths with a radiated dose of 1.8 J/cm 2 energy density on chronic pain such as TN, muscle pain and temporomandibular joint pain. Laser therapy was performed for 12 sessions, twice a week. The results showed optimal efficacy of laser for maxillofacial pain relief. The same group of researchers evaluated the efficacy of the same wavelengths of laser with the same protocol but with 2.5 J/cm 2 energy density for maxillofacial pains (temporomandibular joint pain, TN, muscle pain, pain due to aphthous ulcer and inflammation and tooth hypersensitivity) and reported optimal analgesic efficacy of LLLT for maxillofacial pains. 36, 37 Gam et al, 38 in a meta-analysis on the efficacy of LLLT for musculoskeletal pain concluded that it had no effect on pain due to musculoskeletal syndromes. It is difficult to reach a conclusion regarding a specific dosage, wavelength or type of laser with the highest analgesic efficacy. In most cases, minimum dosage is not known and various doses have been reported for each type of laser. Selection of the most appropriate wavelength is also difficult because the conclusions have been drawn mainly based on clinical experiences of the operators, and a widely accepted protocol does not exist in this regard. For instance, it has been suggested that laser therapy activates the somatosensory receptors and decreases regional pain perception, causing relaxation at the trigger points. However, this theory does not apply to deeper trigger points. Thus, variability in the results of studies may be explained by differences in laser parameters. Further studies are required on different types, wavelengths and energy densities of laser for trigger points at different depths in patients with TN.
